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Objective: It has been shown that noninvasive uterine electromyography (EMG) can identify true pre-
term labor more accurately than methods available to clinicians today. The objective of this study was to
evaluate the effect of body mass index (BMI) on the accuracy of uterine EMG in predicting preterm
delivery.
Materials and Methods: Predictive values of uterine EMG for preterm delivery were compared in obese
versus overweight/normal BMI patients. HanleyeMcNeil test was used to compare receiver operator
characteristics curves in these groups. Previously reported EMG cutoffs were used to determine groups
with false positive/false negative and true positive/true negative EMG results. BMI in these groups was
compared with Student t test (p < 0.05 signiﬁcant).
Results: A total of 88 patients were included: 20 obese, 64 overweight, and four with normal BMI. EMG
predicted preterm delivery within 7 days with area under the curve ¼ 0.95 in the normal/overweight
group, and with area under the curve ¼ 1.00 in the obese group (p ¼ 0.08). Six patients in true preterm
labor (delivering within 7 days from EMG measurement) had low EMG values (false negative group).
There were no false positive results. No signiﬁcant differences in patient's BMI were noted between false
negative group patients and preterm labor patients with high EMG values (true positive group) and
nonlabor patients with low EMG values (true negative group; p ¼ 0.32).
Conclusion: Accuracy of noninvasive uterine EMG monitoring and its predictive value for preterm de-
livery are not affected by obesity.
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).Introduction
The inability of currently used methods to accurately diagnose
true preterm labor remains one of the biggest unsolved obstetrical
problems [1,2]. Parturition, both at term and preterm, is a complex
process involving ripening of the uterine cervix and activation of
the myometrium [1,3]. Assessment of the myometrial activity today
mostly relies on detection of contractions through maternal
perception and/or tocodynamometry (TOCO). Both have been
shown to have very low sensitivity and positive predictive value for
preterm delivery [4,5]. Inwomenwith high body mass index (BMI),Medical Center, Downtown
5004, USA.
Garﬁeld).
bstetrics & Gynecology. Publishedthe accuracy of TOCO in recording contractions is even lower [6].
This is important considering the current worldwide epidemic of
obesity, which is also reﬂected in the increasing number of obese
women of reproductive age [7].
Several studies have demonstrated that noninvasive measure-
ment of uterine electromyography (EMG) from the abdominal
surface detects uterine contractions as reliably as the TOCO, and
even as the intrauterine pressure catheter (IUP; Figure 1) [8e11]. In
addition, EMG can identify the transition from the nonlabor to the
labor state of the myometrium. Different uterine EMG parameters
can indicate the myometrial properties characteristic of true term
and preterm labor, which is something that the other contraction
monitoring devices cannot do [12e16].
One of the potential limitations of the transabdominal uterine
EMG could be its low sensitivity in recording myometrial activity in
patients with high BMI, as is the case with TOCO [6]. Abdominalby Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
Figure 1. Electrical activity of the myometrium [electromyography (EMG) activity e top trace] is responsible for uterine contractions. Note the excellent temporal correspondence
between EMG and mechanical contractile events [measured by intrauterine pressure catheter (IUP) e middle trace, and tocodynanometry (TOCO) e bottom trace].
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from the uterus. The purpose of this studywas to evaluate the effect
of patient's BMI on the accuracy of uterine EMG in predicting
preterm delivery. We have also assessed the effect of impedance
between the skin and the electrodes on the accuracy of uterine
EMG, as well as the association between BMI and skineelectrode
impedance.Table 1
Body mass index (BMI) of patients included.
BMI category N Median Range
Obese 20 31.5 30.1e47.5
Overweight 64 27.0 25.0e29.8
Normal 4 24.3 19.8e24.8
Underweight 0 N/A N/A
N/A ¼ not available.Materials and methods
This study is a secondary analysis of the recently reported study
on 88 consecutive patients admitted with the diagnosis of preterm
labor with or without rupturedmembranes at less than 34weeks of
gestational age at a single institution (St. Joseph's Hospital and
Medical Center, Department of Obstetrics and Gynecology, Phoenix,
AZ, USA) between September 2009 and February 2010 [17]. All
included women provided written informed consent for study
participation. The St. Joseph's Hospital and Medical Center Insti-
tutional Review Board approved the study.
Propagation velocity (PV) of EMG signals, power spectrum (PS)
peak frequency, and the combination (rescaled sum) of these two
parameters were signiﬁcantly higher in patients delivering within
7 days from the EMG measurement compared to those who
delivered after 7 days. Both EMG PV and PS peak frequency more
accurately identiﬁed true preterm labor than today's clinical
methods [17].
Skineelectrode impedance was measured prior to each EMG
recording in this study. The results of these measurements have not
been reported yet.
In order to determine to what extent high patient's BMI can
affect the accuracy of EMG in predicting preterm delivery, we
constructed the receiver operator characteristics (ROC) curve for
patients with BMI in the obese range ( 30.0) and compared it with
the ROC curve for patients whose BMI was in one of the three
remaining categories: underweight ( 18.5), normal (18.5e24.9) or
overweight (25e29.9). Positive likelihood ratio (sensitivity/
1 e speciﬁcity) and negative likelihood ratio (1 e sensitivity/
speciﬁcity) have also been calculated for uterine EMG in all patients
included, as well as in the obese, and the nonobese groups.
In addition, we performed a comparison between BMI and
impedance values in true negative and true positive versus false
negative and false positive patients (as determined by best cutoff
value of PV and PS frequency reported). We also analyzed the
correlation between patient's BMI and skineelectrode impedance.Statistical analysis
HanleyeMcNeil test was used to compare ROC curves in the
obese versus other BMI groups. Data on patients' BMI and
skineelectrode impedance were analyzed by Student t test to
determine whether there were statistically signiﬁcant (p < 0.05)
differences between the group with false positive or false negative
results, and the group with true positive or true negative results.
The Pearson correlation test was used to determine whether there
was a correlation between patient's BMI and skineelectrode
impedance overall. A p value < 0.05 was considered statistically
signiﬁcant.Results
Table 1 shows the BMI distribution of patients included in the
study. There were 20 obese, 64 overweight, and four normal BMI
patients. None had a BMI in the underweight range. EMG re-
cordings were of sufﬁcient quality for analysis in all women
included in the study. Patients were included in the study at a
median of 28 5/7 weeks of gestational age (range, from 21 5/
7 weeks to 33 6/7 weeks). Nine (10%) patients were < 24 weeks, 31
(35%) patients were 24e28 weeks, 33 (38%) patients were
28e32 weeks, and 15 (17%) patients were >32 weeks. Delivery
within 7 days from the EMG measurement occurred in 23% (20/88)
of the cases. Out of 68 patients who did not deliver within 7 days
from admission, 23 delivered at term (after 37 weeks), and 45
delivered before 37 weeks of gestation.
Predictive values of EMG PV, PS peak frequency, and the com-
bination (rescaled sum) of these parameters for predicting preterm
delivery within 7 days from the EMG measurement were calcu-
lated. PV and PS peak frequency were combined by looking at the
sum of their rescaled values. Speciﬁcally, PS peak frequency was
multiplied by 100 and added to the corresponding PV value. The
Figure 2. Comparison of patient's body mass index between false positive (FP;
N ¼ 0) þ false negative (FN; N ¼ 6) and true positive (TP; N ¼ 14) þ true negative (TN;
N ¼ 68) groups (as determined by measurements of electromyography propagation
velocity and power spectrum peak frequency). There is no signiﬁcant difference
(p ¼ 0.32).
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dicted spontaneous preterm birth with an area under the ROC
curve of 0.96 in all 88 patients included (Table 2). Table 2 also
presents predictive values of uterine EMG PS peak frequency and
PV rescaled sum for preterm delivery in the obese versus other BMI
groups. The difference between ROC curves in these groups was not
statistically signiﬁcant (p¼ 0.08). Positive likelihood ratios for EMG
PS peak frequency and PV rescaled sum above the best cutoff value
were undeﬁned (speciﬁcity ¼ 100%) in all patients and in the obese
group. The positive likelihood ratio in the nonobese group was 4.0.
The negative likelihood ratio for EMG was 0.3 in all patients, and
0 in the obese group and nonobese groups (sensitivity ¼ 100%).
Extreme values of likelihood ratios and area under the ROC
curve in the obese group of 1.0 are most probably the result of the
small sample size and should not be overinterpreted. They do,
however, indicate the noninferior diagnostic capability of uterine
EMG in obese patients as compared to nonobese patients.
Six patients in the preterm labor group (deliveringwithin 7 days
from the EMG measurement) had a combination of PV and PS peak
frequency lower than the best cutoff determined by the ROC
analysis (false negative group). There were no false positive results.
No signiﬁcant differences in patient's BMI was noted between these
patients (26.13 ± 1.03 kg/m2) and preterm labor patients with high
PVþ PS peak frequency (true positive group) and nonlabor patients
with low PV þ PS frequency (true negative group; 28.04 ± 3.77 kg/
m2; p ¼ 0.32; Figure 2).
Similarly, there was no signiﬁcant difference in skineelectrode
impedance between the false positive þ false negative group
(79.10 ± 19.85 kU) and true positive þ true negative groups
(93.55 ± 26.35 kU; p ¼ 0.53; Figure 3).
There was also no signiﬁcant correlation between
skineelectrode impedance and patient's BMI overall (Figure 4).Figure 3. Comparison of skineelectrode impedance measured prior to uterine elec-
tromyography (EMG) recording between false positive (FP, N ¼ 0) þ false negative (FN;
N ¼ 6) and true positive (TP; N ¼ 14) þ true negative (TN; N ¼ 68) groups (as deter-
mined by measurements of EMG propagation velocity and power spectrum peak fre-
quency). There is no signiﬁcant difference (p ¼ 0.53).Discussion
The principal ﬁnding of the present study is that uterine EMG
signals are minimally affected by the amount of subcutaneous fat
tissue. The predictive value of EMG did not differ signiﬁcantly be-
tween obese patients and thosewith lower BMI. Owing to the small
number of patients in each BMI category, we chose to compare
those with BMI  30.0 to all other groups. Still, only 20 patients
included were in the obese group. Therefore, predictive values in
these 20 obese patients (100% positive predictive value with 100%
negative predictive value) should not be overinterpreted. Our re-
sults do indicate, however, excellent predictive characteristics of
uterine EMG even in patients with high BMI. This may have
important implications for clinical practice. As the prevalence of
obesity is increasing, so is the number of obese pregnant women
presenting to obstetrical triages with signs and symptoms of pre-
term labor. Current methods used to diagnose true preterm labor,
such as TOCO, are even more unreliable in obese patients than in
nonobese ones [6]. According to our study, noninvasive measure-
ment of uterine EMG propagation and frequency can accurately
identify true preterm labor regardless of the patient's high BMI. ItTable 2
Predictive measures of uterine EMG parameters [power spectrum (PS) peak frequency an
within 7 days from EMG measurement.
BMI group AUC Best cutoff (rescaled sum of PS
peak frequency and PV)
All patients 0.96 84.48
Obese 1.00 60.98
Overweight/Normal 0.95 59.76
AUC ¼ area under the curve; BMI ¼ body mass index; NPV ¼ negative predictive value;can, therefore, help clinicians to detect those patients (obese and
nonobese) whowill really beneﬁt from early institution of tocolytic
therapy, transport to a hospital with facilities for neonatal intensive
care, and administration of steroids. At the same time, uterine EMG
also identiﬁes patients in false preterm labor who are not going to
deliver within the next 7 days. This can help to avoid substantiald propagation velocity (PV)] according to patients' BMI category for preterm delivery
Sensitivity
(%)
Speciﬁcity
(%)
PPV
(%)
NPV
(%)
70 100 100 90
100 100 100 100
100 75 56 100
PPV ¼ positive predictive value; PS ¼ power spectrum; PV ¼ propagation velocity.
Figure 4. There is no signiﬁcant correlation between skineelectrode impedance and
patient's body mass index (BMI).
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maternal risks associated with tocolytics, and the potential fetal
risks associated with steroids.
Moreover, there was no correlation between high BMI and false
positive or false negative results of EMG recordings. Euliano et al [6]
already reported that EMG-derived contraction pattern correlated
better with the IUP than TOCO in obese women. In addition, we
demonstrated that changes in certain EMG parameters, such as PS
peak frequency and PV of uterine electrical signals, can also be
reliably measured transabdominally in these patients. This is
important, as changes in these parameters indicate true preterm
labor more accurately than simple detection of contractions
[13,17e20].
There is still controversy over the association between maternal
obesity and preterm birth. Studies showed increased, unchanged,
and also reduced risk of prematurity in obese mothers [21].
Anyhow, obesity signiﬁcantly complicates the management of
women presenting with signs and symptoms of preterm labor. This
is mainly attributable to the low sensitivity of TOCO in recording
contractions in patients with high BMI. The World Health Organi-
zation estimates that 200 million men and 300 million women
were obese in 2008 [22]. It also projects that by 2015 approximately
700 million adults will be obese [23]. As the prevalence of obesity is
increasing, so is the number of obese women of reproductive age.
Consequently, we can predict a growing proportion of pregnancies
complicated by obesity in the future. A method, such as uterine
EMG, that has a high positive predictive value for preterm delivery
regardless of the patient's BMI is, therefore, extremely valuable for
future obstetric practice.
Patient's BMI was also not correlated with the skineelectrode
impedance. Impedance between the skin and the electrodes, and
the signal noise as a result of transient electrical potentials between
the skin and the electrodes, is a critical consideration for processing
uterine EMG signals acquired noninvasively from surface mounted
electrodes. If the uterine signals are buried within too much noise,
then they are much less useful for prognosticating the patient
condition. The lack of association between BMI and skineelectrode
impedance observed in the present study is in accordance with
previously published studies, which suggested that the impedance
is more a result of the type (material, size, and geometry) of elec-
trodes used, skin temperature at the electrode, and the galvanic
skin response than the amount of adipose subcutaneous tissue
[24e27]. However, the false negative results that we observed (i.e.,low PV and/or PS peak frequency values in patients in true labor)
also could not be attributed to high skin electrode impedance. This
suggests that the false negative results do not represent the failure
of the transabdominal EMG instrument to detect uterine electrical
activity reliably, but rather are either a consequence of myometrial
physiology or of an inherent limitation of the signal processing
technique. Although the combination of PV and PS peak frequency
differentiates preterm patients in true labor from those in false
labor more reliably than any method available today, the addition
of other EMG parameters could make this model even more
effective in the future.
Conﬂicts of interest
Drs Lucovnik, Chambliss, Blumrick, Balducci, and Gersak have
no ﬁnancial interest in the technology used in the study and
therefore have no conﬂict of interest. Dr Garﬁeld helped develop an
instrument for measuring uterine electromyography. He has
licensed the device to a company called Reproductive Research
Technologies (RRT, Houston, TX, USA), which intends to further
develop the device and obtain FDA approval in order to market it to
the entire medical community. Under his arrangement with RRT,
which includes an ownership interest (stock e currently no value)
in the company, Dr Garﬁeld could beneﬁt ﬁnancially if RRT
successfully markets the devices.
Acknowledgments
This work was funded by NIH R01HD037480 and St. Joseph's
Foundation, Phoenix, AZ, USA.
References
[1] Schlembach D, Mackay L, Shi L, Maner WL, Garﬁeld RE, Maul H. Cervical
ripening and insufﬁciency: from biochemical and molecular studies to in vivo
clinical examination. Eur J Obstet Gynecol Reprod Biol 2009;144:S70e6.
[2] McPheeters ML, Miller WC, Hartmann KE, Savitz DA, Kaufman JS, Garrett JM,
et al. The epidemiology of threatened preterm labor: a prospective cohort
study. Am J Obstet Gynecol 2005;192:1325e30.
[3] Lucovnik M, Kuon RJ, Chambliss LR, Maner WL, Shi SQ, Shi L, et al. Progestin
treatment for the prevention of preterm birth. Acta Obstet Gynecol Scand
2011;90:1057e69.
[4] Peaceman AM, Andrews WW, Thorp JM, Cliver SP, Lukes A, Iams JD, et al. Fetal
ﬁbronectin as a predictor of preterm birth in patients with symptoms: a
multicenter trial. Am J Obstet Gynecol 1997;177:13e8.
[5] Iams JD, Newman RB, Thom EA, Goldenberg RL, Mueller-Heubach E,
Moawad A, et al. Frequency of uterine contractions and the risk of sponta-
neous preterm delivery. N Engl J Med 2002;346:250e5.
[6] Euliano TY, Nguyen MT, Marossero D, Edwards RK. Monitoring contractions in
obese parturients: electrohysterography compared with traditional moni-
toring. Obstet Gynecol 2007;109:1136e40.
[7] Yogev Y, Catalano PM. Pregnancy and obesity. Obstet Gynecol Clin North Am
2009;36:185e300.
[8] Jacod BC, Graatsma EM, Van Hagen E, Visser GH. A validation of electro-
hysterography for uterine activity monitoring during labour. J Matern Fetal
Med 2009;11:1e6.
[9] Jezewski J, Horoba K, Matonia A, Wrobel J. Quantitative analysis of contraction
patterns in electrical activity signal of pregnant uterus as an alternative to
mechanical approach. Physiol Meas 2005;26:753e67.
[10] Rabotti C, Mischi M, van Laar JOEH, Oei GS, Bergmans JWM. Estimation of
internal uterine pressure by joint amplitude and frequency analysis of elec-
trohysterographic signals. Physiol Meas 2008;29:829e41.
[11] Maul H, Maner WL, Olson G, Saade GR, Garﬁeld RE. Non-invasive trans-
abdominal uterine electromyography correlates with the strength of intra-
uterine pressure and is predictive of labor and delivery. J Matern Fetal Med
2004;15:297e301.
[12] Leman H, Marque C, Gondry J. Use of electrohysterogram signal for charac-
terization of contractions during pregnancy. IEEE Trans Biomed Eng 1999;46:
1222e9.
[13] Maner WL, Garﬁeld RE, Maul H, Olson G, Saade G. Predicting term and pre-
term delivery with transabdominal uterine electromyography. Obstet Gynecol
2003;101:1254e60.
[14] Garﬁeld RE, Chwalisz K, Shi L, Olson G, Saade GR. Instrumentation for the
diagnosis of term and preterm labour. J Perinat Med 1998;26:413e36.
M. Lucovnik et al. / Taiwanese Journal of Obstetrics & Gynecology 55 (2016) 692e696696[15] Marque C, Terrien J, Rihana S, Germain G. Preterm labour detection by use of a
biophysical marker: the uterine electrical activity. BMC Pregnancy Childbirth
2007;7(1):S5.
[16] Verdenik I, Pajntar M, Leskosek B. Uterine electrical activity as predictor of
preterm birth in women with preterm contractions. Eur J Obstet Gynecol
Reprod Biol 2001;95:149e53.
[17] Lucovnik M, Maner WL, Chambliss LR, Blumrick R, Balducci J, Novak-Antolic Z,
et al. Noninvasive uterine electromyography for prediction of preterm de-
livery. Am J Obstet Gynecol 2011;204:228.e1e228.e10.
[18] Buhimschi C, Boyle MB, Saade GR, Garﬁeld RE. Uterine activity during preg-
nancy and labor assessed by simultaneous recordings from the myometrium
and abdominal surface in the rat. Am J Obstet Gynecol 1989;178:811e22.
[19] Garﬁeld RE, Maner WL, MacKay LB, Schlembach D, Saade GR. Comparing
uterine electromyography activity of antepartum patients versus term labor
patients. Am J Obstet Gynecol 2005;193:23e9.
[20] Schlembach D, Maner WL, Garﬁeld RE, Maul H. Monitoring the progress of
pregnancy and labor using electromyography. Eur J Obstet Gynecol Reprod
Biol 2009;144:S33e9.[21] Salihu HM, Lynch O, Alio AP, Liu J. Obesity subtypes and risk of spontaneous
versus medically indicated preterm births in singletons and twins. Am J
Epidemiol 2008;168:13e20.
[22] World Health Organization. Obesity and overweight. Fact sheet N311. 2011.
Available at: http://www.who.int/mediacentre/factsheets/fs311/en/index.
html [accessed 01.01.15].
[23] World Health Organization. Preventing chronic diseases: a vital investment.
Geneva, Switzerland: World Health Organization; 2000.
[24] Huigen E, Peper A, Grimbergen CA. Investigation into the origin of the noise of
surface electrodes. Med Biol Eng Comput 2002;40:332e8.
[25] Fernandez M, Pallas-Areny R. AgeAgCl electrode noise in high-resolution ECG
measurements. Biomed Instrum Technol 2002;34:125e30.
[26] Smith DC. Effects of skin blood ﬂow and temperature on skineelectrode
impedance and offset potential: measurements at low alternating current
density. J Med Eng Technol 1992;16:112e6.
[27] Tarvainen MP, Koistinen AS, Valkonen-Korhonen M, Partanen J, Karjlainen PA.
Analysis of galvanic skin responses with principal components and clustering
techniques. IEEE Trans Biomed Eng 2001;48:1071.
